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ABSTRACT
Tackling global inequalities in access to Water, Sanitation and Hygiene
(WASH) remains an urgent issue – 58% of annual diarrhoeal deaths are
caused by inadequate WASH provision. A global context of increasing
urbanisation, changing demographics and health transitions demands
an understanding and impact of WASH on a broad set of health outcomes.
We examine the literature, in terms of health outcomes, consideringWASH
access and interventions in urban sub-Saharan Africa from 2000 to 2017.
Our review of studies which evaluate the eﬀectiveness of speciﬁc WASH
interventions, reveals an emphasis of WASH research on acute commu-
nicable diseases, particularly diarrhoeal diseases. In contrast, chronic com-
municable and non-communicable health outcomes were notable gaps in
the literature as well as a lack of focus on cross-cutting issues, such as
ageing, well-being and gender equality. We recommend a broader focus
of WASH research and interventions in urban Africa to better reﬂect the
demographic and health transitions happening.
Abbreviations: CBA: Controlled Before and After; GSD: Government Service
Delivery; IWDSSD: International Drinking-Water, Supply and Sanitation
Decade (IDWSSD); KAP: Knowledge, Attitudes and Practices; IBD: Irritable
Bowel Diseases; MDG: Millennium Development Goals; NTD: Neglected
Tropical Diseases; PSSD: Private Sector Service Delivery; SDG: Sustainable
Development Goals; SSA: Sub Saharan Africa; SODIS: Solar Disinfection
System; STH: Soil Transmitted Helminths; RCT: Randomised Control Trial;
WASH: Water Sanitation and Hygiene; WHO: World Health Organization
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Introduction
Water, Sanitation and Hygiene (WASH) refers to three core components; access and availability
to water, adequate sanitation, and hygiene, grouped together due to their inter-dependent nature.
WASH positively impacts a number of key resources essential for development and has been a
priority on the development agenda for the last 50 years. The International Drinking-Water,
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Supply and Sanitation Decade (IDWSSD) of the 1980s initiated these eﬀorts (Esrey et al. 1991),
and was followed by targets set under the Millennium Development Goals (MDGs) from 2000 to
2015 to increase access to WASH. The United Nations’ Sustainable Development Goals (SDGs)
have renewed and expanded these targets, including SDG 6, to ‘ensure availability and sustainable
management of water and sanitation for all (including hygiene)’ and secures WASH as a priority
development issue from 2015 to 2030, a period which will also be characterised by global
transitions in climate, demographics, health and urbanisation (DESA/UN 2016).
Despite the importance of WASH contributing to a broad range of desirable social, economic
and environmental outcomes, a narrower set of speciﬁc health outcomes is typically associated
with WASH interventions and variables. This focus is related to the fact that a large number of
infectious diseases are associated with human excreta and fecal pathogens (Feachem et al. 1983);
an association supported on the basis of biological plausibility of fecal-oral disease and environ-
mental transmissions routes (Curtis 2000). Tackling these outcomes through improved WASH
remains relevant; the World Health Organization (WHO) estimated inadequate WASH provision
caused 58% of the 842,000 annual diarrheal deaths in 2012 (WHO 2014) and there is a large body
of evidence that describes relationships between inadequate WASH provision and the incidence of
diarrheal diseases (Prüss-üstün et al. 2004) and other infectious diseases (Bain et al. 2014; Crocker
and Bartram 2016).
The MDG targets for access to drinking water were largely achieved globally but this indicator
does not adequately address aspects of water quality, quantity and sustainable access which are
fundamental to human health outcomes. Moreover, these global averages mask spatial inequities
between and within nations. The region of sub-Saharan Africa (SSA) did not meet the MDG
target for access to an improved water supply, achieving 68% relative to 91% globally. In urban
SSA, access to piped water during the MDG period decreased from 43 to 34% (WHO/UNICEF
2015). Even less progress was achieved in terms of sanitation under the MDGs. An estimated 2.4
billion people globally still lacked access to adequate sanitation in 2015, and access in urban SSA
to ‘improved sanitation’ stagnated at 43% whilst absolute numbers of people practicing open
defecation increased by 26% from 16 to 25 million (WHO/UNICEF 2015; Hopewell and Graham
2014).
SSA is the most rapidly transitioning region in the world. By 2050, the urban population is
expected to rise from 414 million to 1.2 billion (UN 2011) with most urban growth expected in
urban slums or informal settlements. This urban population growth risks eroding progress in
WASH, meaning urban dwellers will remain vulnerable to exposure to fecal pathogens and other
harmful organisms through unprotected drinking water sources, use of unimproved sanitation
and unsatisfactory post-exposure hand hygiene practices (World Health Organization 2014).
Indeed, stagnation of under-ﬁve mortality rates in urban SSA has been observed since 2008,
rates in some urban areas are again increasing (Garenne 2010) and fecal exposure still accounts
for approximately 10–15% of all deaths in this age group (Julian 2016). Non-fatal, low-level
exposure to fecal pathogens is also associated with environmental enteropathy causing malnutri-
tion, stunting and poor cognitive development (Julian. 2016 https://www.tandf.co.uk//journals/
authors/style/reference/tf_CSE.pdf), with lasting consequences on lifelong health and chronic
disease risk (Wells 2016). These emerging, longer-term and complex disease pathways call for a
broad understanding of WASH and human health and intervention eﬀectiveness across the life
course, focused not just on disease outcomes but also on aspects of ageing, well-being, dignity and
respect, gender equality, and income generation, for example.
A multi-disciplinary team of hydrogeologists, engineers, microbiologists and epidemiologists
under the AfriWatSan project seeks to explore the nature and dynamics of groundwater in urban
SSA and potential contamination from local sanitation systems and associated health risks. In this
paper, we critically review research into health outcomes associated with WASH in urban SSA in
the 21st century in order to identify gaps in the research and direct future interventions.
Speciﬁcally, we review health, hygiene and behavioural outcomes that have been examined in
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association with WASH exposures in SSA. We then examine speciﬁc health-focused interventions
and the evidence of their eﬀectiveness in urban SSA this century. In so doing, we highlight an
unﬁnished agenda in terms of WASH and infectious diseases, emphasise the need to broaden the
scope of research to chronic infectious and non-communicable diseases, and propose the use of
more rigorous intervention designs and evaluations linked to theories of change that acknowledge
the individual, social and ecological determinants of health.
Methodology
Literature was searched using OVID PubMed (Medline) electronic databases. Six separate search
strings were combined so that only studies which were relevant to all six search enquires were
included. These were (1) Urban Population, (2) Urban Health, (3) Africa, (4) Drinking Water, (5)
Sanitation and (6) Hygiene. For each search term two types of searches were conducted: the ﬁrst
search employed a ‘Mapped to Subject Headings’ (MeSH) search whereas the second used a key
word search within the title and abstract ﬁelds of the academic databases.
All papers published in the English language between January 2000 and March 2017 were
included since the lead author is an native English speaker without adequate skills for review in
foreign language. The 2000 publication cut-oﬀ was chosen to limit research to that published this
century and to coincide with the MDG-era and beyond. References were downloaded in Mendeley
referencing software program and duplicates removed. After excluding duplicates, potentially
relevant titles were screened so that only original papers (not reviews) that explicitly addressed
a human health outcome linked to WASH in urban sub-Saharan Africa were retained.
There were two objectives of the literature review. The ﬁrst was to map the health outcome
focus of WASH research. To do so, we reviewed the abstracts (or entire articles when further
clariﬁcation was necessary) of papers retrieved from the literature search. The health outcomes
were described according to 10 predeﬁned groupings and based on principles of distinguishing
between conditions with broadly similar preventative and health service implications (Table 1).
Hygiene and sanitation related behavioural outcomes were included as a separate category since
although not strictly a health outcome, they are frequently the focus of WASH interventions and
are known, modiﬁable determinant of health outcomes (De Buck et al. 2016).
The second objective, was to review health-focussed WASH interventions and evidence of their
eﬀectiveness in urban SSA this century. Therefore we only retained papers for further review if
they described an intervention or interventions and evaluated their impact on tangible health
outcomes including behavioural outcomes. Observational studies (i.e. those where exposure to a
WASH intervention was not controlled by the implementers or researchers) were excluded from
the review of intervention eﬀectiveness due to diﬃculties in attributing observed changes in health
Table 1. Health outcomes categories with principal examples of diseases in each category.
Health Outcomes (with principal examples)
1 Acute infections (Diarrhea diseases (Hepatitis A and E, Polio, Cholera, Salmonella, Typhoid, Helibacteryi, Dysentery),
Skin infections)
2 Vector Related (Malaria/Dengue/Yellow Fever)
3 Neglected Tropical Diseases (Intestinal parasites including schistoschimiases, Soil Transmitted Helminths and
Trachoma)
4 Other (Toxocara Canis Infection, Hepatitis C)
5 Inorganic (Chemical toxicity and Dental Caries)
6 Nutrition (Undernutrition)
7 Chronic Communicable (HIV, Tuberculosis)
8 Chronic Non-Communicable (Hypertension, Cancer, Asthma, Allergies, Epilepsy, Diabetes)
9 Cross cutting (Old Age, Female Health and Menstrual Hygiene, Mental Health, Quality of life and Well-being, Protection
and Safety (Sexual Violence))
10 Hygiene-Related Outcomes (Handwashing rates and Knowledge, Attitudes and Practices related to handwashing and
hygiene)
INTERNATIONAL JOURNAL OF ENVIRONMENTAL HEALTH RESEARCH 3
outcomes from potential confounding factors or secular trends. We grouped the intervention
studies into one of three predetermined categories to represent diﬀerent socio-ecological levels of
action: (1) technical, relating to engineered strategies such as the type of handwashing dispenser
or water treatment technologies; (2) contextual, referring physical and institutional drivers of
WASH and its health impacts, such as subsidies or costs (Galgani et al. 2014); and (3) socio-
behavioural, including individual and community-level WASH initiatives that inﬂuence health
(Dreibelbis et al. 2013).
Results
We identiﬁed 941 papers that met our search terms, 11 duplicates were removed. Following
review of the titles, 524 papers were excluded as they did not meet initial inclusion criteria
(Figure 1). Abstract review of the remaining 406 resulted in the rejection of 170 studies which
focussed on analysis of urban water quality and environmental contamination but did not
include a measurable health outcome (Table 1) or evaluate associated health risks. Thus a total
of 236 papers were retained and reviewed to describe the health outcome focus of WASH
research addressing the primary objective. Dealing with the second objective, only those
articles that applied experimental or quasi-experimental methods to evaluate the eﬀectiveness
of a WASH intervention or interventions in terms of a health outcome were retained – a total
of just seven papers.
Mapping of health outcomes
The following section summarises the health outcome focus of WASH research in urban
Africa since 2000. Forty diﬀerent countries were represented in this research although
almost one third of the studies were based in just three countries – Nigeria, Kenya and
Ghana – whilst ten sub-Saharan countries accounted for 58% of the studies (Figure 2). 56%
of included studies explicitly categorised their research setting as ‘urban’, 18% referred to
‘slum’, ‘peri-urban’ and ‘informal settlement’ populations and 26% of studies compared
Figure 1. Methodological procedural steps in the literature review.
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rural and urban contexts. School-based studies constituted 12% of the included literature.
Figure 3 shows the proportion of WASH studies by reported health outcomes. Acute
infections, vector borne diseases and neglected tropical diseases (NTDs) account for almost
four ﬁfths of studies, with under 3 and 4% addressing chronic non-communicable diseases
and communicable diseases, respectively.
Figure 2. Proportion of health-focussed urban African WASH research in the top 10 Countries, which account for 50% of all
studies.
Figure 3. Distribution of urban SSA health-focussed WASH research by health outcome.
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Acute infections
Acute infectious diseases account for the vast majority of health-focussed WASH studies
(n = 122). The majority of these studies used observational study designs and applied multivariate
regression models to examine associations between WASH variables and acute diarrhoeal out-
comes and/or enteric infections, controlling for broad cultural, social and economic variables. A
few studies used Quantitative Microbial Risk Assessment to model health risks to speciﬁc
microbial contamination (Macassa et al. 2004; Labite et al. 2010).
Seventy-ﬁve studies focussed on diarrhoeal disease including studies of enteric infections
through prevalence of disease agents such as rotavirus, Shigella, cryptosporidium and
salmonella as pathogens causing diarrhoeal diseases (Ali et al. 2005; Morse et al. 2007;
Ankarklev et al. 2012; Dos Santos et al. 2015). Other acute infectious disease outcomes
included within this category were Toxocara canis infection (n = 2) (Liao et al. 2010; Gyang
et al. 2015), Herpes virus (n = 1) (Hazel et al. 2015) and Zoonotic diseases (n = 1)(Kagira
and Kanyari 2010).
Twenty-seven studies focussed on cholera and its transmission in urban SSA settings.
Epidemiological studies used unmatched case-control designs and ecological analyses using spatial
mapping of outbreaks against the variability of (protective) factors in contracting the infection.
Contaminated water from wells, street vendors, and the breakdown of municipal water supplies,
were associated with the risk of cholera whereas handwashing with soap was a protective factor.
Studies link cholera incidence with environmental WASH factors such as elevation, insuﬃcient
drainage or waste dumps (Osei and Duker 2008; Schaetti et al. 2010; Luque Fernandez et al. 2012)
and also couple the risk of poor sanitation with climate factors (e.g. increased rainfall) (Sasaki et
al. 2009; Jutla et al. 2015).
Vector-borne diseases
Vector-related health outcomes (n = 22), including malaria, dengue fever, yellow fever and
lymphatic ﬁlariasis (LF) were studied in relation to WASH variables typically using cross-sectional
surveys or clinical case-control designs. Occurrence of vector-related diseases was strongly
associated with proximity to vector-breeding sites, including of urban agriculture (Afrane et al.
2004; Wang et al. 2005; Matthys et al. 2006; Weeks et al. 2009). Seidahmed and colleagues
described seasonality and diﬀerences in population water consumption patterns as drivers of
dengue incidence in eastern Sudan (Seidahmed et al. 2012). Several papers also highlighted the
contribution of social behaviours to vector-borne disease prevalence in certain contexts, including
use of bed nets, health-seeking behaviours,1 and prevention (Baragatti et al. 2009; Ndo et al. 2011;
Adedotun et al. 2010).
Neglected tropical diseases
Neglected tropical diseases (NTDs) are a diverse sub-group of communicable diseases that
prevail in tropical and sub-tropical conditions and disproportionately aﬀect populations living
in poverty and, as such, are largely attributable to poor access to safe water or sanitation and
poor hygiene conditions (Feasey et al. 2010). A total of 38 papers researched NTDs and
WASH factors in urban SSA contexts. These included infections from Soil Transmitted
Helminths (STH) including intestinal parasites such as Schistosomiasis and Ascaris and
vector-transmitted diseases such as Trachoma. The study design typically used cross-sectional
or case-control data that described the prevalence of STH in populations exposed to diﬀerent
WASH variables.
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Inorganic/toxicity
Inorganic health outcomes refer to studies of toxic eﬀects of inorganic and chemical compounds
ingested primarily through drinking water. Despite a considerable body of literature evaluating
chemical composition of water sources, few studies directly linked exposure to health outcomes in
urban SSA. The majority of studies (7) presented evidence of presence and prevalance of dental
caries with excessive ﬂuoride in drinking water or water sources and the impact of water
ﬂuoridation (Wongdem et al. 2000; Awadia et al. 2002; Fantaye et al. 2003; Re et al. 2011;
Gbadebo 2012; Kroon and Van Wyk 2012; Ayele et al. 2013).
One study employed health risk assessments to calculate levels of heavy metal contamination of
vegetables, water and soil above WHO guidelines; subsequent exposure frequency was associated
with health risk (Bempah and Ewusi 2016). Elevated concentrations of nitrate and chloride in
groundwater above WHO guidelines was linked to on-site sanitation in urban centres (Wright et
al. 2013). A high mean nitrate concentration of 31 mg/L reported in groundwater sources was
predicted to be associated with thyroid and cancer risks (Njeze et al. 2014) though direct
measurement of this association and health outcomes is lacking in urban SSA. One study found
presence of urinary mercury as evidence for inorganic mercury absorption in exposed populations
(associated with airborne exposure pathways) although no long-term health impacts were inves-
tigated in this study (Dalvie and Ehrlich 2006). High concentrations of dissolved substances
contributed to elevated health risks, referred to as heart and kidney problems especially for
those living with heart conditions, whereas excessive iodine was associated with goitre (Medani
et al. 2013; Amogne et al. 2015).
Nutrition
Eight out of the 14 nutrition-focused WASH studies investigated the prevalence of malnutri-
tion in infants and children under ﬁve in day care and pre-school environments (Abidoye and
Ihebuzor 2001; Abate et al. 2000; Masibo and Makoka 2012; Mduma et al. 2014, Mwase et al.
2016). The studies used cross-sectional study designs and multivariate regression analysis to
unpack associations between social and household factors (including WASH indicators) and
nutritional status, determined using anthropometric measures of weight-for-age and height-
for-age z-scores and body mass index (Pongou et al. 2006; Djimeu 2014). A small-scale pilot
study by Mwase and colleagues in day care centres in Nairobi, Kenya found 40% of children
undernourished and associated this result with non-responsive care practices and poor
hygiene practices (Mwase et al. 2016).
Chronic communicable infections
Six studies, predominately cross-sectional observational studies, investigated the additional
WASH needs among people living with HIV and AIDS. HIV status exacerbates the health burden
of poor WASH in cities and reduces the eﬀectiveness of certain treatment for STH (Adams et al.
2006; Yallew et al. 2012). Among children under two years, increased diarrhoea prevalence was
associated with children whose mothers were HIV positive whilst breast feeding was a protective
factor (Peletz et al. 2011). A study by Breton et al. (2007) found diﬀering prevalance of
Microsporidiosis; an opportunistic intestinal infection that causes diarrhea and wasting, linked
to immune status of HIV positive individuals in urban settings compared to non-selected rural
individuals (Breton et al. 2007). Dodor et al. (2009) looked at tuberculosis, which showed that
speciﬁc food and safety practices enforced by ill-informed health professionals inﬂuenced com-
munity perceptions relative to risks of TB transmission via a food and hygiene route, increasing
stigmatisation of individuals with the disease (Dodor et al. 2009).
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Chronic non-communicable diseases
Chronic non-communicable diseases, including hypertension, diabetes, cardiovascular disease and
cancer, represent an increasing burden of disease throughout Africa and particularly in urban
areas (Maher et al. 2010; Dalal et al. 2011). However, there is a dearth of research into the risks,
consequences and interactions between WASH and non-communicable diseases. Two studies
review respiratory and allergic atopy (Steinman et al. 2003; Nicolaou et al. 2005). At the same
time, the emerging ‘hygiene hypothesis’ suggests that improved sanitary conditions may increase
incidence of autoimmune and atopic conditions, speciﬁcally discussed in relation to Inﬂammatory
Bowel Disease (Chu et al. 2013). Four studies review hypertension and socio-economic factors
including WASH determinants. Damorou et al. (2008) found no WASH association in their cross-
sectional ﬁeld study in Togo. In comparison, Griﬃths et al. (2012) showed that early-life measures
of water and sanitation facilities were signiﬁcantly associated with systolic blood pressure at 16
years though confounding bias limits the interpretation of this result. Increased prevalence of
hypertension in urban areas in Guinea observed by Balde et al. (2006) point to the over-arching
role of socio-economic factors (Balde et al. 2006; Fourcade et al. 2007; Damorou et al. 2008;
Griﬃths et al. 2012). Just two WASH studies in urban SSA considered cancer risks related to
WASH factors (Njeze et al. 2014; Bempah and Ewusi 2016), referred to in the previous section
regarding inorganic and toxicity reviews. One study considering people living with epilepsy
(PWE) and WASH access as part of a broader review of social function found that 95% of
PWE did not encounter any diﬃculties in social functioning (including access to WASH). This
percentage was higher in urban compared to rural areas but the study also highlights the lack of
reporting and consideration of WASH access for people living with physical disabilities (Birbeck
and Kalichi 2003).
Behaviours
Sixteen studies focused on personal and/or food hygiene and/or speciﬁc handwashing behaviours.
Several studies examined the associations between targeted interventions and Knowledge,
Attitudes and Practices (KAP) of food hygiene and handling practices (Mensah et al. 2002;
Jagals et al. 2004; Amoah et al. 2007; Chukwuocha et al. 2009; Donkor 2009; Isara and Isah
2009; Mohamed et al. 2014; Okojie and Isah 2014). One study concerned the cost eﬀectiveness of
interventions associated with hand hygiene (Borghi et al. 2002), whilst six studies looked at
eﬀectiveness of interventions on behavioural outcomes (Davis et al. 2011; Davis et al. 2013;
Lang 2012; Pickering et al. 2014; Tumwebaze and Mosler 2014, 2015; Ejemot-Nwadiaro et al.
2015), Davis et al. (2011) and Tumwebaze et al. (2015) were related to objective two and are
included in the forthcoming discussion. Eﬀective interventions on short term health and hygiene
impacts are reported, yet it is acknowledged that changing deep-seated personal behaviour is
challenging (Jagals et al. 2004). Other observational studies did not report any signiﬁcant
associations between interventions and changes in KAP related to hygiene behaviours
(Chukwuocha et al. 2009; Donkor 2009).
Cross-cutting
Thirteen papers consider aspects of maternal, female and adolescent girls’ health and protection in
terms of WASH. Women are found to be more vulnerable to the health impacts of WASH
(Stockman et al. 2007; Olusanya and Ofovwe 2010; Wilunda et al. 2013; Corburn and Hildebrand
2015; Peletz et al. 2016). No access to household sanitation was associated with elevated risk of
anaemia in adolescent girls (Ondimu 2000) and anaemia is also associated with high rates of
stunting and thinness and is a leading cause of morbidity and mortality in pregnant and post-
partum women (Teji et al. 2016; Ondimu 2000; Wilunda et al. 2013). Only one paper modelled the
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risk of sexual violence linked to poor access to sanitation (Gonsalves et al. 2015); no empirical
studies of this were found. Likewise, one study found that sanitary pad interventions resulted in
signiﬁcantly less abseentism from school (Montgomery et al. 2012). Three papers in the review
consider general aspects of well-being and associated WASH indicators. Surveys explored self-
rated health status and found multiple factors associated with determinants (Cau et al. 2016),
while social capital, including WASH access, was identiﬁed as a stressor eﬀect on mental health
(Greif and Nii-Amoo Dodoo 2015). Sanitation and over-crowding were also related to health
issues in a qualitative photo voice study, however, the study reported that health was not a priority
concern among the urban young (Mmari et al. 2014).
Health-focussed WASH interventions and evaluations
Seven experimental or quasi-experimental studies evaluated the eﬀectiveness of WASH interven-
tions on health outcomes in urban SSA since 2000 (Table 2). Four studies used an individual or
cluster randomised controlled trial design to evaluate impact (Du Preez et al. 2011; Davis et al.
2013; Tumwebaze and Mosler 2015; Bohnert et al. 2016), one used randomisation to allocate
clusters to one of four interventions, without a control comparison group (Davis et al. 2011), one
applied a non-randomised controlled, quasi-experimental design (Montgomery et al. 2012), and
one simply applied a pre- and post-intervention survey to assess intervention impact over time
(Ryman et al. 2012). All interventions under evaluation used information and education strategies
to promote particular behaviours. The study by Tumwebaze and Mosler (2015) is notable for
explicitly addressing shared responsibility and community-level action and hygienic behaviours
whereas the other studies largely focussed on individual- or household-level behaviours. Five
studies supplemented information with technical interventions of varying degrees of sophistica-
tion, ranging from basic hygiene kits to solar technology and sanitation services (Bohnert et al.
2016; Du Preez et al. 2011; Davis et al. 2013; Montgomery et al. 2012; Ryman et al. 2012). No
included studies explicitly addressed contextual drivers of WASH such as governmental, institu-
tional, private or public sector factors.
The health outcomes of focus of most studies included hygiene behaviours including water
treatment behaviours (Bohnert et al. 2016; Davis et al. 2011, 2013; Ryman et al. 2012; Tumwebaze
and Mosler 2015), though Bohnert et al. (2016) and Davis et al. (2013) also assessed exposure to
faecal contamination and self-reported diarrhoea morbidity, respectively. The primary outcome in
the randomised controlled trial by Du Preez et al. (2011) was self-reported diarrhoeal disease
incidence, though objective measures of child growth were also included. Montgomery et al.
(2012) focussed on school abseentism associated with menstrual periods on the assumption that
this was indicative of overall well-being.
Evidence of intervention impact on health outcomes
Du Preez et al. (2011) measured diarrhoeal incidence rate ratios (IRR) and growth diﬀerences
among children using solar disinfection (SODIS) of drinking water compared to those maintain-
ing usual practice. Their ﬁndings showed a statistically signiﬁcant (P < 0.001) reduction of
dysentery (IRR = 0.56 (CI 95% 0.40–0.79)) and non-dysentery diarrhoea (IRR = 0.55 (95% CI
0.42–0.73) among those drinking solar disinfected water relative to control children. These
ﬁndings must be interpreted with caution considering the necessarily unblinded study design
and the self-reporting of the primary outcome of dysentery and diarrhoea. Nevertheless, the fact
that source water quality did not diﬀer between study arms but that solar disinfected water had
lower bacterial levels strengthens the argument that observed diﬀerences in disease incidence may
be causally related to the intervention. Du Preez et al. (2011) present statistically signiﬁcant
(P = 0.031) evidence that the median height-for-age increased among intervention children
over a one-year period (95% CI 0.7–1.6 cm); this observation was in line with that expected for
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signiﬁcant reductions in dysentery and non-dysentery diarrhoea. No statistically signiﬁcant
increases were found regarding median weight-for-age measurements. These results are inter-
preted by the authors to demonstrate the eﬀect of SODIS on childhood anthropometry. However,
the speciﬁc analytical approach used for this outcome is complex, comparability in anthropo-
metric parameters between arms at baseline is not reported, and Du Preez et al. (2011) acknowl-
edge the possibility that the anthropometric growth impact may be a false-positive ﬁnding.
Davis et al. (2013) compared the use and promotion of hand sanitiser or soap with controls
in a three-arm cluster randomised trial in Nairobi. They found that observed rhinorrhoea was
signiﬁcantly reduced in intervention schools compared to control schools (risk ratio (95%
conﬁdence interval = 0.77 (0.62–0.95)). Children in sanitiser intervention schools were twice
as likely to clean their hands after the toilet than control school children (prevalence ratio (95%
CI) 2.2 (1.2–4.3)) and no diﬀerence in hand cleaning was observed between soap schools and
control schools (1.0 (0.3–3.8)), although unreliable water availability in soap schools was noted
as a possible explanation for this. Although no diﬀerence in the reporting of diarrhoeal episodes
was observed, children in sanitiser schools were approximately 50% less likely (0.51 (0.31–0.71))
to report having missed a day at school due to illness in the week prior to data capture
compared to control children (Davis et al. 2013). Davis et al. (2013) report important process
data which helps to explain observed usage patterns of sanitiser and soap interventions,
including aspects of novelty, convenience and preferences. The authors conclude that an
improved technical facility – in the form of sanitiser – contributed to an ‘enabling environment’
for handwashing which led to more eﬀective behaviour changes and consequently improved
health outcomes more than handwashing with soap and just information alone. These conclu-
sions and claims of causality may be overstated, however, and the observed positive eﬀects of
hand sanitisers must be interpreted with consideration of the unblinded, self-reported limita-
tions of the study design.
Bohnert et al. (2016) measured a number of variables such as toilet maintenance and cleanliness,
activation for handwashing rates among school children and environmental exposure of toilet
surfaces and hand contamination, using E. coli as a proxy for fecal contamination. The study
compared urine-diversion (dry) toilets delivered by private sector sanitation delivery (PSSD) to
Government Standard Delivery (GSD) of ventilated pit latrines or ﬂush toilets in public schools in
Nairobi. The PSSD intervention was accompanied by a hygiene curriculum. Sampling methods used
in the study are unclear and diﬃculties in implementation, particularly in terms of construction or
rehabilitation of ventilated pit latrines or ﬂush toilets in the ‘control’ GSD arm are notable. Overall,
the study showed no signiﬁcant diﬀerence in hand contamination between school children at PSSD
or GSD schools; 79 and 78% respectively (P = 0.73) nor were there diﬀerences between sanitation
modalities in the percentages of students practicing handwashing with soap by the end of the
intervention. It was found that E.coli concentration on toilet surfaces in the PSSD study arm
decreased longitudinally over the period of a day, whilst in GSD the converse was found. The
increase in E. coli contamination is linked to increased usage despite continued cleaning. Despite a
lack of robust evidence presenting clear beneﬁts of one modality over another, Bohnert et al. (2016)
argue that the establishing of the feasibility of providing a lower-cost, private sanitation service
similar to that provided by the government is an important ﬁnding.
Montgomery et al. (2012) conducted a small-scale randomised controlled trial to assess the
eﬀects of menstrual education with or without provision of sanitary pads on school attendance
among teenage girls in Ghana. Their ﬁndings demonstrated that provision of pads with education
signiﬁcantly (P < 0.001) improved school attendance among girls (lambda 0.824, F = 3.760), with
potential wide-reaching eﬀects on health and wellbeing. A reduction in social stigma and better
knowledge about how to manage cloth for periods was considered to be responsible for this
reduction (Montgomery et al. 2012), since ﬁve months of intervention puberty education alone
resulted in similar levels of school attendance. However, lack of randomisation means that
potential confounding eﬀects may provide alternative explanations for the observed study results.
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Further, the relatively small-scale, pilot nature of the study limits generalisability of ﬁndings while
short follow-up means that the longer-term eﬀects of the interventions are unknown.
Acknowledging these facts, Montgomery et al. (2012) argue for a more rigorous cluster rando-
mised controlled study to assess eﬀectiveness.
Two studies focussed exclusively on socio-behavioural interventions (Davis et al. 2011;
Tumwebaze and Mosler 2015). Davis et al. (2011) compared and evaluated the impact of strategies
to promote health and hygiene education to randomised groups of households receiving one of four
informational intervention packages (see Table 2). Follow-up of household cohorts to assess
changes in knowledge and behaviours related to water treatment and hand hygiene showed a
general improvement across all groups assessed during both follow up visits. The number of
water treatment methods mentioned by respondents and the mean daily handwashing rate
increased signiﬁcantly from baseline levels across the full sample during follow-up visits, although
absolute diﬀerences were quite small. The increase in reported handwashing was greatest among
participants receiving only the hygine information intervention compared to those receiveing the
information intervention plus data on their household’s water and/or hand rinse test results. The
information only cohort also exhibited a reduction of 0.29 log CFU/2 hands of E. coli on hands from
baseline levels, which was 0.36 log CFU greater than the information plus water quality cohort
(P = 0.04) and 0.37 log CFU greater than information plus water quality and hand-rinse data cohort
(P = 0.05). Overall, the utility of using water quality and hand rinse test results to motivate improved
WASH behaviours has not been well established as Davis et al.’s study showed no evidence of added
beneﬁt beyond that achieved through information-giving strategies alone.
The contribution of this study is also greatly limited by: (1) imbalances between exposure
groups at baseline in terms of religion and certain hygienic practices; (2) the high risk of social
desirability bias in the self-reported behavioural outcomes and methodological limitations in the
analysis, including no apparent adjustment for the clustered survey design; and (3) multiple-
outcome testing and numerous sub-group analyses. Further, even if observed improvements in
knowledge and behaviour across all groups reﬂects real change, whether this translates to
improved health outcomes is unknown, as this was not an outcome of the study.
The impact of a behavioural intervention using group discussion and public pledges on
cleaning behaviour determinants in communal toilets was reported by Tumwebaze and Mosler
(2015) which employs a cluster randomised controlled trial design. They found that the inter-
vention comprising discussions about the toilet cleaning experience and a public commitment to
participate in shared cleaning (by way of public pledge and signing a commitment form) resulted
in a signiﬁcant (P < 0.05) diﬀerence in self-reported cleaning three times higher in intervention
groups compared to control groups. Non-response bias and social desirability bias are important
limitations of this study, although not explicitly described or analysed as such by Tumwebaze and
Mosler (2015). The ﬁndings therefore do not greatly improve understanding of the eﬀectiveness of
the intervention and, as in similar behaviour-focussed studies, it is impossible to determine
whether observed improvements in self-reported behaviours translate to objective measures of
improved health outcomes.
Ryman et al. (2012) compared two distribution strategies in urban and rural communities to
deliver hygiene messages to caregivers during vaccination visits. The ﬁrst strategy used commu-
nity health workers (CHW) taken from the local community and the second used nurses. Hygiene
outcomes were assessed using indicators including knowledge and awareness of household water
treatment, chlorine residual and handwashing practices relative to the impact of the two strategies
and comparing urban and rural diﬀerences.
All intervention arms resulted in similar, signiﬁcant increases for hygiene knowledge and
behaviour indicators. Knowledge regarding correct water treatment and handwashing increased
post intervention across all distribution sites, without substantial diﬀerences between interven-
tions types. Correct water treatment knowledge was higher at follow up 75.8% (CI 68.9−81.5) in
urban arms compared to rural arms 69.5% (CI 63.5–74.9). However, the water quality (indicated
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by chlorine residual) declined in comparison to baseline levels, although the diﬀerence was not
signiﬁcant (P > 0.20), suggesting a social desirability bias may have inﬂuenced responses. Factors
suggested to account for this included the use of clay pots, length of time, and rapid breakdown of
chlorine. It was noted that microbial assessment would have been a more reliable indicator of
water quality, but was less cost eﬀective. A very high baseline regarding hygiene use and awareness
reduced the ability to record signiﬁcant impacts of the hygiene interventions in this study and,
overall, the authors’ claim that hygiene messaging contributes to reductions in diarrhea related
morbidities in the intervention group is not supported by the data shown. Ryman et al. (2012)
conclude that community members are well positioned and eﬀective agents to disseminate
hygiene messages, and that further studies should consider evaluating the success of integration
of CHW in health interventions.
Discussion
Our review is the ﬁrst comprehensive, health-outcome focussed review of WASH research and
intervention evaluations in urban SSA this century. Using a carefully planned search strategy and
well-deﬁned inclusion criteria we are conﬁdent that we have captured the majority of research
within this ﬁeld since 2000. The review is limited by the exclusion of non-English texts which
means our ﬁndings are likely to under-represent research conducted in Francophone, Lusophone
and other non-Anglophone contexts. Restriction of our review to literature published since the
beginning of this century was both practical and meaningful in terms of describing activities and
evidence generated during and since the MDG-era. This date restriction, however, means that
much important work conducted prior to 2000, and particularly during the IDWSSD of the 1980s
is beyond our scope.
Health outcome focus of WASH research
The ﬁrst objective of this review was to map the health outcomes that have been the focus of
WASH studies in urban SSA in the 21st century – note that we did not set out to critically appraise
or summarise the ﬁndings of these studies. To meet our objective, we reviewed paper abstracts on
the assumption that key outcomes would be mentioned there. Whilst we did delve deeper into full
paper reviews where abstracts were unclear, it is possible that we did not capture the full range of
health outcomes that have been studied. Further, our grouping of health outcomes into broad
categories of public health signiﬁcance is likely to mask important heterogeneity between speciﬁc
health outcome causes and eﬀects.
Our review of literature on health-focussed WASH research revealed an overwhelming atten-
tion to acute infectious diseases, particularly diarrhoeal disease. This focus likely reﬂects the
historical prioritisation of diarrhoea within the ﬁeld of WASH as well as the contemporary and
persistent burden of diarrhoeal diseases and their consequences within the urban African context
(Liu et al. 2015). Whilst further descriptive studies of WASH and acute, particularly diarrhoeal
infections may reﬁne our understanding of disease aetiology in this context, they are unlikely to
change anything fundamental. Rather, eﬀorts need to be focussed on developing, implementing
and evaluating eﬀectiveness of speciﬁc WASH interventions to address these well-established
health problems whilst increasing eﬀorts to describe emerging and hereto under-researched health
outcomes associated with WASH in an era of changing demographic and health proﬁles.
The literature describes a positive relationship between improved WASH and reduced disease
burdens, notably diarrhoeal disease, which is supported by a number of global meta-analyses
(Waddington 2009; Norman et al. 2010). The evidence also highlights that adverse health impacts
linked to inadequate WASH tend to be exacerbated in urban, and particularly slum, populations
(Graf et al. 2008; Oguntoke et al. 2009; Van de Poel et al. 2009; Breiman et al. 2012; Dos Santos et
al. 2015; Gruebner et al. 2015; Tsiko 2015). Given, the growing numbers of individuals in urban
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areas already living with chronic conditions, be they infectious or non-communicable, we high-
light an important gap in the research beyond manifestations of diarrhoea episodes and their
consequences.
Research questions related to the role of sub-clinical infections caused by poor access to WASH
in urban Africa and associations with child growth and development as well as the cumulative and
lasting eﬀects of poor WASH exposures, including life-term risk for chronic metabolic non-
communicable diseases, now warrant further investigation. Broader conceptualisations of WASH
and health, including aspects of protection or safety (particularly gender related) are also much
needed. As research into WASH in urban Africa continues into the 21st century, perspectives on
gender, age and equity must be emphasised. This not only means inclusion of health outcomes
speciﬁc to vulnerable populations, but also consideration of the social and environmental aspects
that interact with WASH and its eﬀects on health.
Health impacts of WASH interventions
In addressing our second objective – to describe and review the health-focused interventions and
the evidence of eﬀectiveness in urban SSA this century – we reviewed full papers and provided a
critical appraisal of the evidence. Our inclusion criteria in addressing this objective was more
restrictive, requiring experimental or quasi-experimental design whereby exposure to a WASH
intervention was allocated by the researchers in order to assess impact on health outcomes. As
such, literature that investigated associations between WASH interventions or exposures and
health outcomes from purely observational designs were excluded.
Only seven papers met the inclusion criteria and presented experimental evidence of the
eﬀectiveness of WASH interventions on health outcomes in urban Africa. All of the studies
reviewed, with the exception of menstrual hygiene, reﬂected the dominance of health evaluations
associated with acute infections, predominately diarrheal diseases. Moreover, all of these studies
were hampered by methodological limitations of bias, confounding and/or the eﬀect of chance.
Firstly, the reliance on self-reported outcomes or directly observed behaviours (Table 2: # 1,3,5,7)
inﬂuenced results due to social desirability, recall, reporting and observer bias, especially given the
impracticality of blinding participants to intervention exposure or the general objectives of the
study. Secondly confounding factors, are a considerable limitation in non-randomised evaluations
and even randomised studies (Schimdt and Norman 2011) where baseline imbalances between
intervention and control arms are not accounted or adjusted for in analyses. Finally, the identi-
ﬁcation of eﬀects due to chance remains a possibility in studies that test for multiple outcomes
without appropriate adjustments, as in the study by Davis et al. (2011).
Understanding the impact of technical interventions was hampered by implementation pro-
blems in the studies by Davis et al. (2013) and Bohnert et al. (2016), reﬂecting the complexity of
such interventions and their evaluation. However, elements of process evaluation were included in
both studies which helped explain their observed ﬁndings. The inclusion of process evaluation and
implementation science techniques to document, analyse and describe the context, delivery and
receipt of interventions is used in pragmatic trials of complex interventions in real world settings
(Craig et al. 2008), and is important in understanding the implementation and eﬀectiveness (or
lack of eﬀectiveness) of interventions and their longer-term sustainability and scalability.
The use of ‘theories of change’ to better deﬁne causal mechanisms are de riguer in many areas
of public health intervention development and evaluation but were largely absent from the WASH
literature we reviewed. With the exception of Tumwebaze and Mosler (2015) and Montgomery et
al. (2012), the reviewed intervention studies do not explicitly apply theories to their intervention
design, evaluation approach or interpretation of ﬁndings. Instead, studies tend to focus on speciﬁc
causal pathways between intervention and outcome without acknowledging the multitude of
factors that may interact with and inﬂuence this pathway at the individual, household, commu-
nity, organisational, political and environmental level.
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The majority (98%) of health-focused WASH intervention papers did not meet our review
inclusion criteria as they relied on observational or ecological designs to evaluate the health
impacts of WASH interventions. Such study designs are less able to account for confounding
factors in associations between exposures and health outcomes and their use may be considered a
weakness in the body of WASH intervention evidence . Schmidt and Norman (2011) declared that
the potential challenges in accounting for confounders, ‘virtually precludes using conventional
ecological analysis for the evaluation of WASH interventions’ (Schmidt and Norman 2011, p. 7).
Reasons for the lack of experimental study design within the ﬁeld of WASH in urban
Africa need to be explored. We posit that disciplinary diﬀerences may partly account for
this situation. The use of Randomised Control Trials (RCTs) is highly regarded within the
ﬁelds of medicine and public health due to the RCT’s ability to reduce confounding eﬀects
and, if blinded, reduce bias and maximise conﬁdence in causal associations between
intervention exposures and health outcomes. However, RCTs are often expensive and
require speciﬁc technical expertise. Furthermore, there are important ethical and practical
limitations of experimental and quasi-experimental designs within the context of WASH
research in urban Africa. To justify the use of most experimental designs there must be
equipoise – genuine uncertainty about the beneﬁt of the intervention being tested. This
uncertainty is often absent in WASH interventions, particularly well-established technical
and contextual strategies such as provision of piped water into households or sewerage
provision. Moreover, the randomisation of most large scale WASH interventions is often
not politically, ﬁnancially or logistically acceptable which means that RCTs are probably
not the ‘gold standard’ for many WASH evaluations (Schmidt and Norman 2011).
Acceptable alternatives to RCTs may include before and after concurrent control (BAC)
studies that are less costly to run for health impact evaluations of WASH interventions.
Similarly, more sophisticated experimental designs, such as stepped-wedge trials, can allow
experimentation and rigorous evaluation of impact while ensuring the entire study popula-
tion will ultimately receive interventions.
Conclusions
There is a need for greater attention to emerging health outcomes in WASH focussed research in
urban Africa that reﬂects current and projected demographic shifts and health transitions. There
is also a need for high quality development, implementation and evaluation of interventions that
draws on the use of theories of change and robust methodologies already applied in other areas of
public health.
Note
1. Whereby infected individuals seek medical care.
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